History and Methodology
Among the engineering disciplines, civil engineering is the oldest--as ancient as humanity: even primitive shelters involved design and the understanding of the materials from which they were constructed and the environment in which they had to function. Next came the design of harbors and fortresses; followed by the design of bridges, canals, roads, and railways. (2) Other engineering fields developed in the wake of scientific discoveries and the determination to adapt them to human use. Recently, electrical and computer engineering have taken center stage, while bioengineering and biological engineering are examples of the cutting edge of engineering consultancy.
Although engineering in general is ancient, formal education in the field is relatively new. In North America, engineering programs can be traced back to mid-nineteenth century. Today, there are thousands of courses offered across this continent as well as in all other regions. Table  1 shows recent trends in bachelor's degrees in engineering awarded in the United States, China, and India. Engineering education is rigorous, but debates continue about what a "proper" engineering curriculum should be at the undergraduate and graduate level. Associations, government agencies, and educator groups differ in their emphasis on the role of science, design, and craftsmanship courses, with no clear resolution in sight. There is still concern with enrollment, retention, and accreditation. Graduates of accredited engineering programs are sought after by engineering consultancies as well as other knowledge-intensive businesses. Many firms promise a parallel path of advancement where those staying with the technical route can earn as much as those who move into managerial ranks. However, many firms pay lip service to this credo, and so we find engineers making a transition into management in search of better remuneration and career advancement, but seeking to avoid obsolescence. Our research shows high levels of job satisfaction by engineers in North America, regardless of the path chosen.
Large and small engineering consultancy firms have gone global, establishing offices abroad; but trade is flourishing too. For example, the "headcount" for the largest international design firms by country are shown in Table 2 , and we can see a definite shift from the United States toward Australia-Asia. The history of the consultancy aspect of engineering has a parallel in management consulting. Both fields date their origin to the mid-nineteenth century in England. The building of railways and bridges combined engineering and managerial skills. Project engineers then began to work in specific areas as consultants. After World War II, large engineering consultancies in many engineering fields were established in the United States, with a major cluster in California.
Issues in Engineering Consultancy and Resolutions
There are many factors that impact education, graduates, the types of careers, and the character of firms in the field of engineering. Some have been solved, while others are under review and may never be fully resolved. Space allows only brief comments on these topics and we offer the remarks under three headings.
Historical and social factors in engineering
In the distant past, engineers were first-generation college males. They were encouraged in their quest by their blue-collar fathers who worked as foremen in factories. The male image persisted, but with concerted efforts universities increased the share of females to the 12-24 percent range in North America and even higher elsewhere. As for dropout rates, engineering programs now retain just as many students as other programs, with no appreciable difference between men and women. Yet another concern, for many years, has been international migration and "brain drain" with migrating engineers facing discrimination. This issue is more legal than social now, owing to governmental rules about visa permits and qualification rules by accrediting boards.
Economic and legal factors
Since the launching of satellites and humans into space in the late 1950s, there has been a strong debate about a possible shortage of engineers, especially in the United States, with concern about innovation and growth. However, a rigorous economic analysis of thelabor market for engineers in the United States, using a dynamic model of occupational choice, found that demand responds well to wage levels and other "demand-shifters," while supply is responsive to career prospects. A more recent, controversial topic has been the outsourcing of technical work by Western companies and the emphasis by emerging economies on their pool of technical talent at a much lower level of remuneration.
Government oversight of engineering practice varies country-by-country and even within a nation. Thus, in the United States, there are qualifying national examinations for professional engineers, but the 50 state registration boards determine standards for passing them and eligibility to take them. Some states in the United States restrict practice by disciplines, while others do not. Canada does not have restriction by discipline, but provincial boards and associations encourage a code of ethics. At the firm level, a licensed professional engineer must be in "responsible charge" when a project is executed. The majority of engineering graduates or firms do not seek such approval and yet they still carry out technical assignments. In the United Kingdom, the term "chartered engineer" is in use and is protected by boards; but the practice of engineering is not restricted, and indeed many mechanics call themselves engineers. In much of Europe, the "Eur.ing." title is in wide use and a federation (FEANI) assists in oversight and mobility of qualified professionals.
Conceptual and statistical issues
Who is an engineer and what constitutes a consultancy? Does professionalism reside with the individual or the organization'? At the core of these questions is the idea of a profession that involves highly skilled work and technical expertise. Its characteristics are formal qualifications, based on education and examination, accompanied by regulation and some monopoly powers. In engineering, as in other professions, there are associations for individuals and for organizations protecting their rights, lobbying, and conducting research. In small firms, individuals seek status via licensing or other means; in the case of large consultancies, the firms see themselves as embodying professionalism. This is also the case for management consultancies, about which we reported in this journal in October, 2008.
National statistical organizations serve as agencies for their respective governments in census and related data collection. Attempts at harmonizing national data do proceed, but as can be seen from Table 3 , major differences still exist in industrial classification schemes. In the case of service statistics, an intergovernment panel, known as the Voorburg Group, has been meeting "on using country resources to improve the international standards development process." They concluded that a global classification scheme would fail and that national approaches are still necessary. Thus, it is not possible at present to do truly rigorous quantitative international comparisons. International agencies, such as the OECD and the World Bank, provide helpful data, but they rely on submissions from national governments. National governments and international agencies have strengthened their collection and timeliness of data. One positive step in harmonizing industry classification and accounting standards is that NAICS now applies to Canada, the United States, and Mexico. Associations and for-profit data-gathering companies have stepped in with major efforts, though usually with specific, narrow coverage, although some of these data are suspect. So let us now take a look at select Western markets and the global scene for engineering consultancy.
The United States
The engineering consultancy sector in the United States has prospered in recent years, with its revenue doubling from 1997 to 2009--a growth rate of 6.1 percent per year. We estimate that revenue in 2012 is near or already at the U.S.$200 billion mark, as shown in Table 4 . In 2009, the employee-to-company ratio was around 17, if we count firms with paid employees; if we add the solo practices to both numerator and denominator, then the average size firm had only seven staff members. As for revenue per employee, it was U.S.$180,000 when we count paid employees, dropping to U.S.$170,000 when we include all sole proprietors. These numbers should increase with domestic economic recovery; however, the U.S. share of the global market keeps shrinking and is now at 31 percent. Services (1999 Services ( , 2004 Services ( , 2009 Services ( , and 2011 Table 5 reveal stability and practically no growth in number of enterprises, turnover (revenue), or employment.
The employee-to-establishment ratio is between 6 and 7, largely because there are many small firms. Turnover per staff is about 108,000 pounds (approximately U.S.$180,000) per year--similar the United States. Compared with the United States, where the payroll to revenue ratio ran around 38 percent, it is about 31 percent in the United Kingdom. We estimate that the United Kingdom's share of the global market is about 7 percent, but holding steady. Given the maturity of the market, we expect consolidation in the sector in the coming years. 
Canada
This resource rich, highly urbanized country offers many opportunities for engineering consultancy services, ranging from shale oil and tar sands exploration in Alberta to urban renewal efforts in major cities, such as Montreal, Toronto, and Vancouver. Export is also part of the scene, though the data reveal that its share of operating revenue has declined from 18 to 13 percent in recent years. There has been stability in operating revenues and expenses in recent years, as shown in Table 6 , although profit margin still shows strength, with a 14 percent figure for 2010. The labor cost to revenue ratio is almost identical to the U.S. figure at 38 percent in 2010. We were not able to obtain establishment data. Table 5 ) and our preliminary research for France, Germany, and Spain. A report on the Scandinavian market was issued by STD, the Swedish Confederation of Consulting Engineers and Architects; there are good details, by country, but the focus is on top firms rather than on market size.
Other regions
For South America, there is a 2010 report, Engineering Services in the Americas, by CGGC, a research unit at Duke University. This report looks at engineering education, demand, trade, regulatory framework, and top firms, but again market size is not revealed for the region or the four nations mentioned (Brazil, Chile, Colombia, Peru).
The global scene
Proper methodology first requires the collection of national statistics, then grouping them into regional totals to arrive at a global estimate. This was not possible on a primary basis, but we have at our disposal earlier world studies of high-level manufactured goods as well as some services by private sector publishers. In the past it was possible to argue that, roughly, North America accounts for one-third, the EU for another third, and all other regions for the remaining one-third of a "global total" in many product markets; however, there is contrary evidence as well. Thus, for global security services, the distribution was 37 percent, 25 percent, and 38 percent in 2009 for the three regions, explained in part by lack of gun control in the United States. In the case of global management consulting, in 2007, a consensus view showed a 49 percent, 33 percent, and 18 percent breakdown, explained in part by management feeling comfortable with consultants in the United States.
For the case of global engineering consultancy, we turn to two respected sources, ENR, a flagship journal in engineering related to construction, and IBISWorld, a major publisher of multiclient studies. Their estimates in the two columns of Table 8 differ sharply as to geographic distribution, which can be explained by the scope of each survey. ENR is looking only at the top 150 design firms in its annual report and is not interested in global data for all firms. Conversely, IBISWorld looks far wider and therefore reports large-scale revenues for all size and type of firms in the mature regions of Europe and North America. In Table 9 we use the same two sources again to show the major end-user sectors or market segments. In this case, even the row headings are difficult to compare, though both lists point to the dominance of infrastructure and energy as big users. In assessing the global scene, ENR's coverage focuses on large firms, which seek fast-growth regions and end-use sectors to take advantage of their established expertise and far-flung project offices. IBISWorld's global reporting, on the other hand, relies on its own, alreadypublished national reports (which include several, but by no means all major countries) as well as on surveys by FIDIC, a Geneva-based federation of engineering consultancies with 80 national chapters. FIDIC attempts to tie engineering service expenditures to nonresidential construction and gross fixed capital formation. Such a sequence or chain seems "natural" though others claim that design and consulting services are much more global in character, but construction is fully local. Further, FIDIC's latest nation by nation assessment was in 2003; it is currently starting a new one.
In Table 10 , we omit the far narrower scope of ENR, pick up the FIDIC data for the "global total" in the past decade, and introduce another source, Booz & Company. We tried to obtain 'global total' figures from the UN, OECD, and IHS Global Insight, but did not succeed; the figure was not available or came at a truly high price. Finally, we did not seek data from two market research publishers, Icon Group and Barnes Reports, even though they offer global reports on engineering and construction because their methodology was not transparent. As for the Booz study, we still await word on the reasons for their rather high numbers compared with other sources. We have so far emphasized the scope of national, regional, and global markets. But in the field of engineering services, as is the case for many other product and service categories, the emphasis is on gaining specific opportunities, building close relationships, capturing market share, and then executing all projects to the full satisfaction of an increasingly sophisticated client base.
In this section, we select engineering services related to the engineering-construction (E/C) sector which is concerned with the design, engineering and construction of buildings, infrastructure, mining, processing and energy projects--to illustrate characteristics of strategy, marketing and other facets of engineering consultancy. The EIC sector is selected because it is so pervasive and because so many engineering disciplines are swept into consultancy related to construction. Nonetheless, a computer-assisted search for "aeronautical engineering services" or "chemical engineering services" for two examples, make it clear that there are many engineering consultancies that offer many services not related to the built construction.
Industry structure
The E/C consulting sector is highly fragmented, despite recent moves toward consolidation. At the global level and within national markets, between two-third to four-fifth of all firms have less than 10 staff members. These firms often specialize as to their offerings and the end-users they seek; in major countries, they are satisfied with a domestic clientele. On the other hand, the largest firms are truly multinational in their operations. Among the largest E/C consulting firms are AECOM, Bechtel, CH2MHill, Jacobs, Fluor, URS, and WS Atkins from the United States, SNCLavalin from Canada; Altran Technologies from France; Fugro NV and Arcadis Group from the Netherlands; AMEC and Mott McDonald from the United Kingdom. (3) Market share figures by IBISWorld show that the top 10 firms command just around 11 percent of the global market. So concentration is still low, though entry barriers in terms of competition are rated high. This situation prevails, because forging relationships and establishing expertise take time; because competitive bidding or tendering is a difficult process; and, finally, because the technology. required service offerings, and end-users' needs can change rapidly.
Service categories, types of companies
Engineering students normally select a major or discipline such as civil, electrical, or mechanical, though often a combination of a major with a strong minor is a great route to success. Graduates can follow the discipline at the workplace, but within engineering service firms they will specialize by activities that the company pursues and/or the end-user categories the firm serves. These include such options as: feasibility studies, design, procurement, installation assist, technical advice, tendering, inspection, and evaluation. The specialization can be by application or enduse: energy, environmental projects, industrial processes, building operations, and so on.
We can classify E/C consulting companies on basis of size, age, geographical reach, legal structure, or specialization, but overall, there are only two distinct categories: pure service and hybrid. The former is often the hallmark of small to medium size firms in a domestic setting; the latter is descriptive of medium to large size companies that engage in construction projects for domestic and foreign clients. This distinction can be observed in many countries, but data collection and reporting focus on the big players that are hybrid in character. This can be seen in Table 11 that cites two ENR lists, one for design firms, one for contractors. But being hybrid, many companies appear on both lists. (Adding the two revenue streams, however, still does not yield the grand total for a given entity as ENR excludes "construction and project management.") Table 11 reveals that the revenues for large firms are far bigger from the construction than the design side. a total of U.S.$27.9 billion in 2010 as reported in its annual report, the U S $6.0 billion was "construction 'and project management." The ENR rationale is that this is neither design nor construction
Competition and cooperation
The competitive battle in E/C consulting, as is the case for management consulting, is not at the country level or even at the firm level; rather it is at the level of recruiting technical and managerial talent on the supply side, and at the level of attracting and maintaining customers on the demand side. In short, professionalism must prevail, with qualified persons executing tasks in a long-term, relationship mode for valued clients. We have emphasized market size by country, and the regulatory-economic framework is still applicable; but medium and large firms enter and expand across borders based on their reputation and expertise. They are eager to learn about on-going plans and future project possibilities. Keeping tabs on these is accomplished by reading news items, following calls for bids or tenders, and tapping databases such as GROAB of Germany. But cultivating social and political contacts in a networking mode is truly effective in the long run. A key example of this, openly cited, occurs when a chief executive of a large E/C consulting firm talks to a top government official at the World Economic Forum, which is held once a year in Davos, Switzerland.
Although competition prevails at the local or country level for smaller firms and at the regional or global level for large ones, cooperation is also common, ranging from informal alliances to formal joint ventures. One popular collaborative mode is a consortium where several firms join forces to tender or bid on a large project. One example among many is the Ivanpah project in the Mojave desert of California, where Bechtel joined Bright-Source Energy, NRG, and Google to build the world's largest solar electric generating facility. Bechtel has had partners in other big projects such as the new Hong Kong airport and refineries in China. URS has joined with Amec and Areva on decommissioning a large nuclear facility in the United Kingdom. Tetra Tech formed a consortium with Tokyo Engineering and Egis International in providing wastewater and drainage design for a public agency in Orissa, India. Parsons joined domestic and foreign partners in building Dubai's metro and Abu Dhabi's airport expansion in the UAE.
Strategies and tactics
Different ideas or "rules" apply to large and small firms, and strategy should differ between domestic and multinational markets. Large firms are almost always international, and they are then structured on the basis of cost or value-in-service. The cost-based organization closely watches expenditures whether in hiring the requisite talent or spending on the job site. A valueconscious firm is able and willing to spend for highly qualified personnel and at the project location. In international projects, the usual practice is to share expert staff, problems/issues, and solutions across borders rather than merely opening an office in yet another country. Having built relationship and trust, the client will often ask the E/C consulting firms to continue in new foreign locations, especially in a given specialty, say mining.
Small firms can serve small clients in a similar manner to the large ones, but are more likely to embrace the cost base than the service/value base mode (and to remain domestic). That is because their ability to keep experts on the payroll is limited unless they can bill clients at a hefty hourly rate. To accomplish this, the small firms must become highly specialized in their offerings and in seeking niche markets. When successful in this, small firms bring their expertise and join with large design/contractor firms; this team arrangement can be exclusive or not, temporary or not. In either situation, clients are likely to insist that the qualifications of both vendor organizations be up-to-date.
On-going activities in E/C consultancies include making intangible and perishable offerings more meaningful and longer lasting. The first step here is cultivation of talent by offering continuing education opportunities, tuition refunds, and participation in conferences and exhibits. Also, the corporate website and brochures must be up-to-date, demonstrating technical and managerial competence. Fees can be cost or competition-based, but the value-in-service approach is making inroads on the other two. As for distribution, medium-size or large firms must weigh export, partnership, investment alternatives when considering foreign clientele: all three modes may be utilized in different settings. Exchanging key ideas with both partners and customers is one key to success. Finally, on the promotion or communication front, several techniques can be of value as demonstrated in the comments cited in Table 12 . A mix of the possibilities cited can be assembled that will suit any organization; the key is to convey trust and expertise. 
Conclusion
In a complex and technologically sophisticated world, mining and energy facilities must be designed, office buildings must be planned and then built, wings for aircraft must be designed, chemical and biomedical processes must be designed, and infrastructure must be either renewed or put in place anew. In all of this, professional engineering consulting services play a key role. The thousands of organizations around the world in this sector together have now recorded around U.S.$500 billion revenue with 3 million staff members working in half million establishments. The top 200 firms dominate in terms of payroll, projects, and multinational presence, but 1-10 person firms still account for about three-fourth of all establishments. Both competitive and cooperative schemes exist in both situations. Data on the sector are becoming more available and abundant through surveys by both national statistical organizations and private sector publishing firms. Free and for-fee databases will make collection and analysis easier in the coming years. The key to success in the field is to build new contacts, maintain trust with existing clients, and remain flexible in moving from project to project.
